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EPISULFIDE BASED POLYMERIZABLE COMPOSITION CATALYZED BY AN (ALKOXYPHENYL)PHOS- 
PHINE, ARTICLES MADE THEREFROM AND PROCESS FOR MAKING SAME 

BACKGROUND OF THE INVENTION 



(1) Field of the invention. 

The present invention relates to polymerizable compositions, 
5 polymerized resins, and in particular fast curing compositions at room 
temperature as well as to a polymerization process for making such resin. 

The polymerized compositions and the polymerization process of the 
invention are particularly useful for making transparent optical articles such as 
lenses, prisms, optical fibers, filters or for making different types of substrates, 
10 such as information recording substrates. 

The polymerizable composition and the polymerization process of the 
invention are also specifically suited for. making various coatings and in 
particular coatings for optical applications. 

(2) Description of the prior art 

15 Transparent plastic materials are widely used in the optical field and 

particularly in the ophthalmic field for their lightness, high impact resistance. 

Optically transparent plastic materials having a high refractive index 
n D =1.6 or even higher have been developed recently which render it possible to 
manufacture optical articles such as lenses of lower thickness for an equivalent 
20 corrective power (optical power). 

EP 0.92L417 discloses a polymerizable composition comprising a 
sulftff containing compound having at least one episulfide functionality, a 
compound having one ore more active hydrogen atoms in one molecule, at least 
one of the active hydrogen atoms being an active hydrogen atom other than 
25 hydrogen atom of SH group, and optionally a polymerization catalyst 

Among the cited polymerization catalysts are. the phosphines. The 
disclosed phosphines include trialkylphosphines and tricycloalkylphosphines, 
triphenylphosphine, tribenzilphosphine, tri(alkylphCTyl)phosphines, dialkyl and 
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dicycloall<ylphenylphosphines, alkyl and cycloalkyldiphenylphosphines, and 
cMorocuphenylphosphine. 

Document EP 0.942.027 discloses a polymerizable composition 
comprising a (thio)epoxy compound having at least one intramolecular disulfide 
5 bond and a polymerization catalyst Among Ihe numerous polymerization 
catalysts that can be used, trialkylphosphines and triarylphosphines are cited. 

Unfortunately, the polymerization of these polymerizable compositions 
needs a long thermal polymerization cycle, generally between 8 horns to 17 or 
more in order to obtain fully polymerized articles. 

10 

SUMMARY OF THE INVENTION 

Thus, the aim of the present invention is to provide polymerizable 
compositions for making optically transparent resins which are thermally 
15 polymerizable and preferably polymerizable at room temperature in a short time 
cycle. 

A further object of the invention is to provide polymerizable 
compositions as above which result in polymerizable resins having a high 
refractive index of 1.6 or more, and preferably of 1.7 or more. 
20 The invention also concerns a polymerization process for making 

optically transparent resins which necessitates shorter time than the prior art 
processes. 

The invention further concerns optical articles such as lenses made of the 
resins resulting from the polymerization of the polymerizable compositions. 
25 It has now been discovered that, by using an effective amount of an 

alkoxyphenylphospmne as part of the catalyst or preferably as the sole catalyst 
in polymerizable compositions including at least one episulfide monomer, it 
was possible to use very short polymerization cycles while still obtaining a 
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polymerized resin which is optically transparent and free of striatums and 
having good mechanical, scratch and heat resistance properties. 

According to the present invention, there is a risk provided thermally or 
room temperature polymerizable compositions for making optically transparent 
5 resins and comprising at least one polymerizable monomer having at least one 
episulfide functionality and an effective amount of a polymerization catalyst, 
comprising a phosphine having at least one alkoxyphenyl group. More 
specifically, the polymerization catalyst is selected from phosphines of formula 

CO: 

10 




P 0) 



and mixtures thereof, in which R and R' are alkyl groups, x is an integer 
from 1 to 3, y is an integer from 1 to 3 and z in an integer from 0 to 2 with the 
15 proviso that x+z = 3, t is 0, 1, 2 or 3. 

Preferably, the catalyst consists solely in me (alkoxyphenyl)phosphine of 
formula (I) or a mixture of these phosphines. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED 
20 EMBODIMENTS 

The (alkoxyphenyl)phosphine catalyst of formula (T) may comprise 1 to 
3 alkoxy phenyl groups (x is 1, 2 or 3). The preferred (a]koxyphenyl)phosphine 
catalysts of formula (T) are tris(alkoxyphenyl)phosphines (i.e. : z = 0) 
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The alkoxyphenyl groups of the phosphines of formula (I) may be 
monoalkoxy, dialkoxy or trialkoxyphenyl groups. 

Preferably, the alkoxyphenyl groups are mono and dialkoxy groups, most 
preferably monoalkoxy groups. 
5 The alkyl radical R in the alkoxy groups OR is generally selected from 

d-Q alkyl groups, preferably C r C 4 alkyl groups. Most preferably, Ris CH 3 . 

In mono alkoxyphenyl groups, the alkoxy group is usually in position 3 
or 4 on the phenyl ring, preferably in position 4. m the dialkoxyphenyl group, 
the alkoxy groups are preferably in position 2 and 6 of the phenyl ring whereas 
io in trialkoxyphenyl groups, Ihe alkoxy groups are preferably in position 2, 4 and 
6 on the phenyl ring. 

The alkyl radical R' is generally selected from Ci-Q alkyl groups, 
preferably C r C 4 alkyl groups, such as methyl, ethyl and propyl. 

The most preferred phosphine catalysts are tris(monoalkoxy)phosphines. 
15 . Among the preferred alkoxyphenylphosphines of formula (I), there may 
be cited tris(3-methox7phenyl)phosphine, tris(4-memoxyphenyl)phosphine, 
tris(2,6-dimemoxyphenyl)phosphine and tris(2,4,6-trimethoxy- 
phenyl)phosphine. The most preferred phosphine is tris(4- 
methoxyphenyl)phosphine which gives the best compromise between a fast 
20 polymerization reaction and anon charring system. 

The alkoxyphenylphosphine catalyst shall be used in.the porymerizable 
compositions in an effective amount i.e. an amount sufficient to promote the 
polymerization, particularly the room temperature polymerization, of the 
composition. 

25 • The effective amount of phosphine catalysts will obviously depend upon 

the phosphine catalyst itself and the nature of the monomer or mixture of 
monomers of the composition in order to obtain a fast polymerization while 
avoiding charring of the system 
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Generally, Hie phosphine catalyst will be present in amounts ranging, 
based on the total weight of the polymerizable monomers, from 5 to 1800 parts 
per million (ppm), preferably 100 to 800 ppm and more preferably 200 to 700 
ppm. 

5 Preferably, the phosphine catalyst is added to the monomer mixture as a 

solution in an appropriate solvent Solvents that can be used are tetrahydrofuran 
(THF), chloroform, water, N-methyl-2-pyrrolidone (NMP) and N, N- 
dimethylacetamide (DMAC). Preferred solvents are THF, NMP and DMAC. 

The polymerizable episulfide monomers of the invention have at least 
10 one episulfide functionality and preferably two ore more episulfide 
functionalities per molecule. 

Preferably, the polymerizable monomers having at least one episulfide 
functionality are compounds having one or more episulfide structures 
represented by the following formula (H) in one molecule : 

15 




X 



m which R l represents a hydrocarbon group having 1 to 10 carbon 
20 atoms, R 2 , R 3 and R 4 each represents an hydrogen atom or a hydrocarbon group 
having 1 to 10 carbon atoms, X represents S or O wim the proviso mat in the 
molecule the average number of S represented by X is about 50% of the total 
number of S and O constituting the three membered ring. 

A preferred class of polymerizable episulfide monomer is represented by 
25 compound of formula (EH) : 
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R 6 R 7 ^ ^ 

\/ \ L 



X 



n 



Y 



in which R 5 , R 6 , R 7 , R 8 , R 9 and R 10 each represents an hydrogen atom or 
a hydrocarbon group having 1 to 10 carbon atoms, X represents S or O with the 
5 proviso that, in the molecule, the average number of S represented by X is about 
50% or more of the total number of S and 0 constituting the three member 
rings, m represents an integer from 0 to 6 and n represents an integer from 0 to 
4. 

Preferably, R 1 in formula (H) represents a methylene group or ethylene 

10 group and R 2 , R 3 and R 4 in formula (H) and R 5 , R 6 , R 7 , R 8 , R 9 and R 10 in 
formula (m) each preferably represents a hydrogen atom or a methyl group. It 
is more preferable mat R 1 represents a methylene group and R 2 , R 3 , R 4 , R 5 ,R 6 ; 
R 7 , R 8 , R 9 and R 10 each represents a hydrogen atom 

The average number of S in each of formula (H) and formula (ffl) is 50% 

15 or more, preferably 90% or more, more preferably 95% or more and more 
preferably substantially 100% of the total number of S and O consulting the 
three member rings. 

Examples of these compounds include linear organic compounds such as 
bis(P-epithiopropylthio)methane, l,2-bis(P^pimiopropylmio)emane, l,3-bis(P- 

20 epimiopropylthio)propane, l,2-bis(P-epithiopropylthio)propane, l-(0- qpit&o 
propyltMo>2<p-epitMopropyithiomemyl)propane, l,4-bis@-epiMopropyl 
mio)butane, l,3-bis(P^pitMopropylmio)butane, l-(p-epimiopropylmio)-3-(p- 
epiMopropylthiomehtyl)butane, l,5-bis(R-epithiopropylmio)pentane, l-(p- 
epitMopropyltMo)^(p-epitM^^ l,6-bis(P-epithio 

25 propylthio)hexane, l-(p-epitHopropyltmo)-5<p^piAiopropyltmomemyl) 
hexane, l-(p^pitMopropylMo>24(2-p-epitMopropyltMoe^ ethane 



WO 02/24786 



7 



< 

PCT/EP01/11021 



andl-(P-epitMopropyltMo)-2-[[2K2-p-epilMopropyltluoe&yl)tMoefliyl] 
thio]ethane ; branched organic compounds such as tetralris(p-epi1hio 
propyltmomemyl)methane, I,l^-tris03-epitiiiopropyl1hiome1hyl)propane, 1,5- 
bis(p-epi1mopropyltmo)-2-(P^ 1,5- 

5 ; bis(p-epitMopropyllMo)-2,4-b^ 1 " 
(P-epimiopropylmio>2,2-bis(P^ 1,5,6- 
tris(p-epitMopropyltmoM^ 1,8- 
bis(p-epilMopropylmio)-4-(£-epi^ 1,8- 
bis(p-epilMopropyllMo)-4,5-bis(P-epitMopropyltMomethyl)-3,6- 

10 dithiaoctane, l>bis(P-epimiopropyltmo)-4,4^ 

3,6-dilhiaoctane, l,8-bis(p-epi1hiopropylthio>2,4,5-tris(p- 
epilMopropyltMomethyl)-3,6-<nlMaoctane, l,8-bis(P-epi1hiopropylthio)-2,5- 
bis(P-epilMopropyllMome1hyl>3,6-dilhiaoctane, l,9-bis(P-epi1hiopropylfhio)-5- 
(P-epitmopropylmiome^ 

15 difbianonane, 1,10 bis 0-epithiopropylthio>5,6-bis[2-p- 

epifliiopropylthioe%l)lMo]-3,6,9-trithiadecane, l,ll-bis(P-epithiopropylfhio> 
4,8-bis(p-epilMopropyllMome%l)-3,6,9-trilMaiindecane, l,ll-bis(P- 

epi1m\>propyltMo)-5,7-bK^ 

l,ll-bis(p-epilMopropyltrno)-5,7-[(2-p-epilMopropyltMo)to 
20 trimiaundecane and 1, 1 l-bis(p-epimiopropyl1hio)-4,7-bis(P- 

epilMopropylthiome1hyl>3,6,9-trimiaundecane ; and compounds obtained by 
substitating at least one hydrogen atom of the episulfide group in the above 
compounds with methyl group, cyclic aliphatic organic compounds such as 1,3- 
and l,4-bis(P-epitbiopropylthio)cyclohexanes, 1,3-and l,4-bis(0- 
25 epimiopropylmiomemyl)cyclohexanes, bis[4-(p-epimiopropylmio) 

cyclohexyl]memane, 2,2-bis[4-(p-epitliiopfopylmio)cyclohexyl]propane, bis[4- 
(P-epithiopropylthio)cyclohexyl] sulfide, ^S-bisCP-epithioprppyhtiomethyl)- 
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1,4-mthiane and 2,5-bis(P-epithiopropylthioe%lMomet3iyl>l,4-dithiane ; and 
compounds obtained by substituting at least one hydrogen atom of the 
episulfide group in the above compounds with methyl group and aromatic 
organic compounds such as 1,3- and l,4-bis(P-epithiopropylfeio)benzenes, 1,3- 
5 and l,4-bis(p-epitMopropylmiometb.yl)benzenes, bis[4<P-epitmopropyl1hio) 
phenyl]methane, 2,2-bis[4-(p-epitmopropyltnio)phenyl]propane, bis[4-(P- 
epitmopropyltmo)phenyl] sulfide, bis[4KP-epitbiopropyltMo)phenyl]sulfone 
and 4,4'-bis(p-epitniopropylthio)biplienyl ; and compounds obtained by 
substituting at least one hydrogen atom of the episulfide group in the above 
10 compounds with methyl group. However, compound (a) is not limited to the 
above compounds shown as examples. The above compounds may be used 
singly or as a mixture of two or more compounds. 

A most preferred episulfide compound is bis-(P-epithiopropyl)sulfide of 

formula : 



15 



CH CH— CH 2 S— CH 2 — CH— CH 2 (TV) 

V V 



These compounds are disclosed in EP 0.921.417. 

The polymerizable composition of the invention may include solely a 
20 polymerizable episulfide monomer or a mixture of polymerizable episulfide 
monomers or it may also optionally include one or more other monomers) 
copolymerizable with the episulfide monomer(s). In particular, it may include 
one ore more other monomer(s) having two or more functional groups which 
are reactive with the episulfide group(s) and/or. the epoxy group(s) of the 
25 episulfide monomers, a monomer having one or more functional groups which 
are reactive with the episulfide group(s) and/or the epoxy group(s) of the 
episulfide monomers and one or more other homoporymerizable functional 
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groups or a monomer having one homopolymerizable functional gronp which is 

reactive with the episulfide and/or the epoxy group. 

These other polymerizable monomers, when used in me. polymerizable 

composition of the invention, may represent up to 50% by weight of the total 
5 weight of the monomers present in the composition and preferably 20% and 

more preferably 10% by weight or less of the total weight of the monomers 

present in the polymerizable composition. 

Among these other polymers, there . may be cited polythiol monomers 

having two or more, preferably two or three, thiol functions. 
io The polythiol monomers can be represented by formula (V) : 

R'(SHV (V) 

in which n' is an integer from 2 to 6 and preferably 2 to 3, and R' is an 
15 organic group of valency equal ton'. 

Useful polythiol monomers are those disclosed in EP-A-394.495 and US 
Pat N°4.775.733 and the polyfhiols corresponding to the following formulas : 

20 

o 

II 

C2H4OOC2H4SH N N C2H 4 OOC 2 H 4 SH 

C2H400C2H4SH 
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OH 



and 



C 2 H 5 C(CH 2 COOCH 2 CH 2 SH) 3 



Among the preferred polythiol monomers there may be cited aliphatic 
polythiols such as pentaerythritol tetraMs mercaptoproprionate. 
m ercaptoethyltMo)-2-3-dimercaptopropane, l-(2'-mercaptopropylthio)-2,3- 

10 dimercaptopropane, l-(3'-mercaptopropylthio)-2,3 dimercaptopropane, l-(4'- 
mercaptobutyltMo)-2,3-dimercaptopropane, l-(5'-mercaptopentylthio)-2 s 3 
dimercapto-propane, l-(6'-mercaptohexylthio)-2,3- dimercaptopropane, 
l,2bis(-4'-mercaptobntylthio)-3-mercaptopropane, l,2-bis(5'- 
m ercaptopentylthio)-3-mercaptopropane 5 l,2bis(6'-mercaptohexyl)-3- 

15 mercaptopropane, l,2,3-tris(mercaptomethyltbio)propane, lA3-tris(3 5 - 

mercaptopropylthio)propane, l,2 J 3-tris(2'-mercaptoethylthio)propane, 1,2,3- 
tris(4'-mercaptobutyltMo^ 

memanedimiol, 1,2-ethanedithiol, 1,1-propanedithiol, 1,2-propanedithiol, 1,3- 
propanedithiol, 2,2-propanedithiol, l,6-hexanemiol-l,2,3-propanetrimiol, and 
20 l,2-bis(2'-mercaptoemylmio)-3-mercaptopropane. 

Preferred polythiol monomers are bis(2,2'-mioethyl)sTilnde, l,2bis(2'- 
mercaptoethylmio)-3-mercaptopropane andpentaerymritol tetraMs 

mercaptopropionate. 

Among the other monomers, there may also be cited monomers 
25 including one or more (mem)acrylate functionalities. Examples of such 
monomers are benzyl acrylate, benzyl methacrylate, butoxyemyl acrylate, 
butoxymemyl methacrylate, cyclohexyl acrylate, cyclohexyl methacrylate, 2- 
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hydroxyethyl acrylate, 24iydroxyethyl methacrylate, glycidyl acrylate, glycidyl 
metliacrylate, phenoxyethyl acrylate, phenoxyemyl methacrylate, phenyl 
methacrylate, 3-phenoxy-2-hydroxypropyl acrylate, eihyleneglycol diacrylate, 
ethyleneglycol dimetliacrylate, diethyleneglycol dhnethacrylate, 
5 triethyleneglycol diacrylate, 

trietliyleiieglycol dimethacrylate, tetraethyleneglycol diacrylate, 
tetraethyleneglycol dimethacrylate, polyethyleneglycol diacrylate, 
polyethyleneglycol dimethacrylate, neopentylglycol diacrylate, neopentylglycol 
dimethacrylate, ethyleiieglycolbisglycidyl diacrylate, ethyleneglycolbisglycidyl 
10 dimethacrylate, bisphenol-A diacrylate, bisphenol-A dimethacrylate, 2,2-bis(4- 
acryloxyethoxyphenyl)propane, 2,2-bis(4-methacryloxyethoxyphenyl)propaiie, 
2,2-bis(4-acryloxydiethoxyphenyl)propane, 2,2-bis(4-methacryloxydiefhoxy 
phenyl) propane, bisphenol-F diacrylate, bisphenol-F dimethacrylate, l,l-bis(4- 
acryloxyethoxyphenyl)mefhane, l,l-bis(4-methacryloxyethoxy phenyl) 
15 methane, l,l-bis(4-acryloxydiethoxyphenyl)methane, l,l-bis(4- 

methacryloxydiethoxy phenyl)methane, l,l-bis(4-methacryloxydiethoxyphenyl) 
methane, dhnethyloltricyclodecane diacrylate, trimethylolpropane triacrylate, 
trimethylolpropane trimethtacrylate, glycerol diacrylate, glycerol 
dimethacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, 
20 pentaerythritol tetramethaciylate, methylthio acrylate, methylthio methacrylate, 
phenylthio acrylate, benzylthio methacrylate, xylenedithiol diacrylate, 
xylenedithiol dimethacrylate, mercaptoethylsulfide diacrylate and 
mercapto ethylsulfide dimethacrylate ; allyl compounds such as allyl glycidyl 
ether, diallyl phthalate, diallyl terephthalate, diallyl isophthalate, diallyl 
25 carbonate and diethyleneglycol-bisallyl carbonate, vinyl compounds such as 
styrene, chlorostyrene, methylstyrene, bromostyrene, dibromostyrene, 
divinylbenzene and 3,9^vinyl-spiro-bis-(m-dioxane) ; and 
diisopropenylbenzene. 
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A preferred (meth)acrylate monomer is 2-hydroxy-3-phenoxypropyl 
acrykte. 

The polymerizable composition according to the invention may also 
include additives which are conventionally employed in polymerizable 
5 compositions intended for moulding optical articles, in particular ophthalmic 
lenses, in conventional proportions, namely inhibitors, dyes, UV absorbers, 
perfumes, deodorants, antioxydants, antiyellowing agents and release agents. 

The perfumes allow the odour of the composition to be masked, in 
particular during surfacing or routering operations. 
10 In particular, usual UV absorbers such as those commercialized under 

the tradenames UV 5411®, UV 9®, Tinuvin 400®, Tinuvin P® and Tinuvin 312® 
may be used in amounts generally up to 0.4% by weight of the total 
polymerizable monomers weight 

Also, the compositions of the invention preferably comprises release 
15 agents in an amount up to 0. 1% by weight of the total polymerizable monomers 
weight 

Among the release agents, there may be cited mono and 
dialkylphsphates, silicones, fluorinated hydrocarbons, fatty acids and 
ammonium salts. The preferred release agents are mono and dialkylphosphates 
20 and mixtures thereof Such release agents are disclosed interaha in document 
US Patent N°4,662,376, US Patent N°4,675,328 andEP-271.839, 

The compositions of the present invention are very reactive at room 
temperature, and a gel can be obtained within a polymerization time of 1 to 60 
minutes, usually less than 15 nuhutes. 
25 In the following examples, unless otherwise stated, all the percentages 

and parts are in weight 

Example 1 and comparative example s CI and C2 
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Mixtures containing 9g of bis(p-epithiopropyl)sulfide (component A) 
and 0,5g of 2-hydroxy-3-phenoxypropylacrylate (component C) were placed in 
glass vials. To these mixtures, they were added a solution of different catalysts, 
the solvent and 0,5g of bis(2,2'-tfcoefeyl)sulfide (component B). The mixtures 
were stirred magnetically for about 10 seconds and then kept at room 
temperature without stirring. The polymerized materials have a thickness of 
about 5 mm and a diameter of about 46 mm. 

The nature and quantity of catalyst used, the nature of the solvent and the 
gel time are reported in Table I. 

TABLE I 



Example N° 


Catalyst (ppm) 


Solvent 


Gel time (minutes) 


CI 


fcP (607) 


THF 


No gel after 1 hour 


C2 


(4-Me <j))3P (559) 


THF 


90 


1 


(4-MeO fbP (577) 


THF 


8 



fcP : Triphenyl phosphine 

(4-Me (J^P : Tris(4-methylphenyl)phosphine 

(4-MeO <^)sP : Tris(4-methoxyphenyl)phosphine 

F.YflmpTftS 2 to 5 



Several experiments were conducted as in example 1 using tris(4- 
20 methoxyphenyl) phosphine as catalyst and different percentages of the 
components A, B and C in the formulations. 

Monomer formulations and gel time are given in Table II below : 
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TABLE n 



Example N° 


Monomer Formulation. (%) 


Catalyst 


Gel time (minutes) 




ABC 


(ppm) 




2 


99.36 0 0 


491 


20 


3 


89.3 8 4.88 5.21 


577 


8 


4 


89.42 5.05 4.91 


636 


7 


5 


89.40 4.95 5.04 


599. 


9 



5 "Rxamples 6 to 11 



Several experiments were carried out as in example 1 using tris(4- 
memoxyphenyl)pnospbine as catalyst and replacing component B by an 
equivalent weight of penraerythritol tetraHs mercaptopropionate (component D) 
or l,2bis(2'-mercaptoemyltMo)-3 mercaptopropane(component E). 

The formulations and results are given in Table m : . 



TABLE m 



Example 
N° 


Monomer Formulation (%) 


Catalyst 
(ppm) 


Gel time 
(minutes) 




A 


B 


C 


D 


E 






6 


88.61 




4.95 


5.65 




662 


13 


7 


89.22 


5.02 


4.98 . 






600 


8 


8 


88.68 




4.93 


5.55 




573 


40 


9 


89.68 


4.51 


5.01 






577 


• 13 


10 


86.19 




4.98 




8.19 


584 


7 


11 


89.38 


4.88 


5.21 






577 


7 
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. Rvam ples 12 to 17 

Piano lenses were molded in piano molds having flat sides. The molds 
5 were closed with a tape material. The formulations used contained 36g of 
component A, 2g of component B, 2g of component C and variable amounts of 
1iis(4-memoxyphenyl)phosphine catalyst dissolved in tetrahydrofuran. The 
molded lenses were 5mm thick and 85 mm in diameter. 

The amounts of catalyst used and the gel times are given in Table TV. 

10 



TABLE IV 



Example N° 


Catalyst (ppm) 


Gel time (minutes) 


12 


572 


90<t<150 


13 


599 


10 


14 


596 


10 


15 


628 


10 


16 


654 


6 


17 


687 


6 



Exam ples 18 to 22 



2mm thick and 85 mm diameter lenses were molded using piano molds . 
having flat sides from a formulation containing approximately 19:14 g of 
component A, 1.06g of component B and 1.07g of component C and variable 
amounts of tris(4-meuioxyphenyl)pho^hine catalyst disclosed in l-methyl-2- 
pyrrolidone (NMP). The molds were closed with a tape material. 

Catalyst concentrations and resulting gel times are given in Table V. 
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TABLE V 



Example N° 


Catalyst (ppm) 


Gel time (minutes) 


18 


589 


. 26 


19 


602 


26 


20 


705 


20 


21 


904 


16 


22 


1190 


12 



10 



Surprisingly, as shown by Table V, higher amount of catalyst can be 
used when molding 2 mm thick piano lenses than 5 mm thick piano lenses 
without charring. 

While not being bound by any theory, it is believed that this result can be 
explained by the higher value of the ratio surface/volume in the case of the 
2mm thick lenses resulting in a higher efficiency of the heat exchange during 
the exothermic polymerization reaction 

As shown by the examples, episulfide monomer based composition may 
be fast polymerized at room temperature using (alkoxyphenyl)phosphme 
catalysts according to the invention. 



BNsnnrarv <wn 



03247B8A2 I > 



WO 02/24786 



17 



PCTVEP01/11021 



CLAIMS 

1. A polymerizable composition comprising at least one polymerizable 
monomer having at least one episulfide functionality and an effective amount of 

5 a polymerization catalyst comprising a phosphine having at least one 
alkoxyphenyl group. 

2. The polymerizable composition of claim 1, wherein the 
polymerization catalyst is selected among phosphines of formula (I): 



10 




and mixtures thereof, 

in which R and R' are alkyl groups, x is an integer from 1 to 3, y is an 
integer from 1 to 3, z is an integer from 0 to 2 with the proviso that x+y = 3, t is 
15 0, 1, 2 or 3. 

3. The polymerizable composition as in claim 2, wherein R is selected 
from Ci-Ce alkyl groups. 

4. The polymerizable composition as in claim 3, wherein R is CH 3 . 

5. The polymerizable composition as in claim 2, wherein x=3 and y=l. 

20 6. The polymerizable composition as in claim 5, wherein the alkoxy 

group is in position 4 of the phenyl ring. .„ 

i. The polymerizable composition as in claim 2, wherein the 
polymerization catalyst is selected from : tris(3-methoxyphenyl)phosphine, 
tris(4-memoxyphenyl)phosphine, tris(2,6-dime1hoxyphenyl)phosphine and 

25 tris(2,4,6^trimemoxyphenyl)phosphine. 
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8. The polymerizable composition as in claim 1, wherein the 
polymerizable monomer having at least one episulfide functionality is a 
compound having one or more structures represented by the following formula 
(H) in one molecule : 

5 

R 2 R 3 

s — R i — i_6_R 4 .. 0D 

X 

in which R 1 represents a hydrocarbon group having 1 to 10 carbon 
atoms, R 2 , R 3 and R 4 each represents a hydrogen atom or a hydrocarbon group 
10 having 1 to 10 carbon atoms, X represents S or O with the proviso that in the 
molecule the average number of S represented by X is about 50% or more of 
the total number of S and O constituting the three-membered rings. 

9. The polymerizable composition as in claim 8, wherein X is S. 

10. The polymerizable composition as in claim 8, wherein the compound 
is having one or more structures of formula (H) comprises two structures of 

formula (EI). 

11. The polymerizable composition m claim 10, wherein X is S. 

12. The polymerizable composition as in claim 1, wherein the 
polymerizable monomer having at least one episulfide functionality is a 

20 compound represented by the formula (HI) : 

r 6 R 7 * 8 * 9 

R 5 — 



\ /m 



Y 
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in which R s to R 10 each represents hydrogen atom or a hydrocarbon 
group having 1 to 10 carbon atoms, X represents S or O wnh the proviso that in 
the molecule the average number of S represented by X is about 50% or more 
of the total number of S and 0 constituting the three-membered rings, m 
5 represents an integer from 0 to 6 and n represents an integer from 0 to 4. 

13. The polymerizable composition as in claim 12, wherein X is S. 

14. The polymerizable composition as in claim 12, wherein the 
olymerizable monomer having at least one episulfide functionality is bis(p- 
epithiopropyl)sulfide. 

io 15. The polymerizable composition as in claim 1 further comprising at 

least one other monomer copolymerizable with the episulfide monomer. 

16. The polymerizable composition as in claim 15, wherein said other 
polymerizable monomer is a polytbiol having two or more thiol functions. 

17. The polymerizable composition as in claim 16, wherein the polytbiol 
15 compound is bis(2,2'-thioethyl)sulfide, pentaerythitol tetralris 

mercaptopropionate or 1,2 bis(2 , -mercaptoethylthio>3 mercaptopropane. 

18. The polymerizable composition as in claim 15, wherein the said other 
copolymerizable monomer is a monomer having one or more (mem)acrylate 
functionalities. 

20 19. The polymerization composition as in claim 18, wherein said other 

monomer is 2-hydroxy-3-phenoxypropylacrylate. 

20. The polymerizable composition as in claim 15, wherein said other 

copolymerizable monomer represents 10% by weight or less of the total weight 

of the polymerizable monomers present in the composition. 
25 21. A cast optical article made of a polymerized composition as set forth 

in claim 1. 

22. An ophthalmic lens made of a polymerized composition as set forth 
in claim 1. 
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23. The cast optical article of claim 21 having a refractive index of at 
least 1.7. 

24. The ophthalmic lens of claim 22 having a refractive index of at least 

1.7. 

5 25. A process for fast polymerization at room temperature of a 

composition comprising at least one polymerizable monomer having at least 
one episulfide functionality which comprises adding to me composition an 
effective amount of a catalyst selected from phosphines of formula (I): 



(fp 




(OR)y 


[6] 


z 





■ and mixtures thereof, 

in whichR and R' are alkyl groups, x is an integer from 1 to 3 and y is an 
integer from 1 to 3, z is an integer from 0 to 2 with ihe proviso mat x+y = 3. 

26. The process of claim 25, wherein the polymerization catalyst is 
selected from tris(4-memoxyphenyl)phosphine, tris(2,6-dimemoxyphenyl) 
phosphine andtrw(2,4,6-trimemoxyphenyl)phosphine. 

27. The process of claim 25, wherein me polymerization catalyst is 
tris(4-memoxyphenyl)-phosphine. 
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